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(54) Power converter for light bulb assembly comprising multiple LED arrays

(57) The present document relates to solid state light-
ing (SSL) light bulb assemblies. In particular, the present
document relates to a driver circuit and/or power con-
verter used for such light bulb assemblies. A driver circuit
(300) for providing electrical power to a plurality of SSL
light sources (309, 419) is described. The driver circuit
(300) comprises a power converter (305, 405) configured
to provide electrical output power at an output of the pow-
er converter (305, 405). Furthermore, the driver circuit

(300) comprises a plurality of light source switches (401,
411, 522, 532) configured to enable and/or to disable a
supply of the electrical output power to the plurality of
SSL light sources (309, 419), respectively. In addition,
the driver circuit (300) comprises a controller (306) con-
figured to control the plurality of light source switches
(401, 411, 522, 532) to enable the supply of the electrical
output power to the plurality of SSL light sources (309,
419) in a mutually exclusive manner.
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Description

Technical Field

[0001] The present document relates to solid state
lighting (SSL) light bulb assemblies. In particular, the
present document relates to a driver circuit and/or power
converter used for such light bulb assemblies.

Background

[0002] Solid State Lighting (SSL) light bulb assem-
blies, e.g. Light Emitting Diode (LED) based light bulb
assemblies, are expected to replace GLS (General Light-
ing Service) or incandescent lamps. SSL devices typi-
cally comprise a driver circuit and/or power converter in
order to convert electric power from a mains supply to
electric power suitable for an SSL light source comprised
within the SSL device (e.g. an array of LEDs). In partic-
ular, SSL devices may comprise a plurality of light sourc-
es, e.g. a plurality of LED arrays (also referred to as LED
strings). This may be beneficial in order to provide SSL
devices which emit colored light. Such SSL devices typ-
ically make use of a plurality of power converters for the
plurality of light sources, respectively, thereby increasing
the cost of the SSL device.
[0003] The present document addresses the above
mentioned technical problem. In particular, the present
document describes a cost efficient driver circuit and/or
power converter for an SSL device comprising a plurality
of light sources.

Summary

[0004] According to an aspect, a driver circuit for pro-
viding electrical power to a plurality of solid state lighting
(SSL) light sources is described. The SSL light sources
of the plurality of SSL light sources may comprise e.g.
arrays of light emitting diodes (LED) and/or OLEDs. The
SSL light sources of the plurality of SSL light sources
may be configured to emit light at the same or at different
colors. Alternatively or in addition, the SSL light sources
of the plurality of SSL light sources may emit light at the
same or at different intensity. By way of example, the
SSL light sources of the plurality of SSL light sources
may emit light at the same color but at different intensities.
[0005] The driver circuit may be configured to supply
electrical power taken from a mains supply to the plurality
of SSL light sources. The plurality of SSL light sources
may e.g. be provided with respective drive voltages and
drive currents generated by the driver circuit. The drive
voltages may e.g. correspond to respective on-voltages
of the plurality of SSL light sources. The drive currents
may be used to control the illumination level of the plu-
rality of SSL light sources, respectively.
[0006] The driver circuit may comprise a power con-
verter configured to provide electrical output power. The
electrical output power may be provided at an output of

the power converter (e.g. at a unique output of the power
converter). The electrical output power may be derived
from electrical energy drawn from a mains supply). In
particular, the driver circuit may comprise only a single
power converter for providing the electrical output power
which is to be supplied to the plurality of SSL light sourc-
es. The electrical output power may be the only electrical
power which is provided to the plurality of SSL light sourc-
es. In other words, the output of the power converter may
be the only source of electrical power for the plurality of
SSL light sources.
[0007] The power converter may comprise a switched-
mode power converter comprising a power converter
switch. The power converter may comprise one or more
of: a flyback converter, a buck converter, a boost con-
verter, a buck-boost converter, and a single-ended pri-
mary-inductor converter. The power converter may com-
prise a serial arrangement of a plurality of power con-
verter stages, wherein each power converter stage may
correspond to one of the above mentioned single-stage
power converters.
[0008] The driver circuit may comprise a plurality of
light source switches configured to enable and/or to dis-
able a supply of the electrical output power to the plurality
of SSL light sources, respectively. A light source switch
may comprise a transistor, e.g. a metal oxide semicon-
ductor field effect transistor (MOSFET). One or more
(e.g. all) of the plurality of light source switches may be
configured to couple the respective one or more SSL light
sources of the plurality of SSL light sources to ground for
enabling the supply of the electrical output power to the
respective one or more SSL light sources. As such, the
light source switches may be ground related, which may
be beneficial for providing the gate voltage for opening
the light source switches. Alternatively or in addition one
or more of the plurality of light source switches may be
configured to couple the respective one or more SSL light
sources of the plurality of SSL light sources to the output
of the power converter for enabling the supply of the elec-
trical output power to the respective one or more SSL
light sources.
[0009] The driver circuit may further comprise a con-
troller (e.g. implemented as an integrated circuit) config-
ured to control the plurality of light source switches to
enable the supply of the electrical output power to the
plurality of SSL light sources in a mutually exclusive man-
ner. By doing this, a single power converter may be used
to supply power to the plurality of SSL light sources (e.g.
2 or more, 3 or more, 4 or more, 5 or more SSL light
sources).
[0010] In particular, the controller may be configured
to turn on (i.e. to close) a first light source switch from
the plurality of light source switches during a first time
slot assigned to a corresponding first SSL light source
from the plurality of SSL light sources. The respective
others of the plurality of light source switches may be off
(i.e. open) during the first time slot. Furthermore, the con-
troller may be configured to turn on a second light source
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switch from the plurality of light source switches during
a second time slot assigned to a corresponding second
SSL light source from the plurality of SSL light sources.
The respective others of the plurality of light source
switches may be off during the second time slot. The first
light source switch may be different from the second light
source switch, the first SSL light source may be different
from the second SSL light source, and the second time
slot may be subsequent to the first time slot.
[0011] As such, the controller may be configured to
close the plurality of light source switches in a sequential
manner during different succeeding time slots. By doing
this, the electrical output power may be distributed
among the plurality of SSL light sources.
[0012] In particular, the controller may be configured
to assign a sequence of isolated time slots (or pulse in-
tervals) to the first light source of the plurality of SSL light
sources. The isolated time slots of the sequence of iso-
lated time slots may be repeated at a pulse frequency.
The sequence of isolated time slots may be regularly
spaced. The pulse frequency may be a multiple of the
cycle frequency, wherein the cycle frequency is the fre-
quency of the cycles of a varying input voltage of the
power converter (the cycle frequency may e.g. be twice
a mains frequency of a mains supply). The pulse frequen-
cy may be greater than a perceptual frequency of light
intensity variations perceivable by a human eye. Typical
values for the perceptual frequency are in the range of
400Hz. The perceptual frequency may be defined by the
fact that the human eye is not able to perceive variations
of the intensity of light at frequencies which are at or
above the perceptual frequency (for a given intensity lev-
el). Furthermore, the pulse frequency may be greater
than a perceptual frequency of audio tones perceivable
by a human ear (e.g. at or above 20kHz). The power
converter (e.g. the switched-mode power converter) may
be operated at a commutation cycle rate of 1MHz. The
pulse frequency may be smaller than the commutation
cycle rate of the power converter.
[0013] The controller may be configured to control a
first light source switch of the plurality of light source
switches (corresponding to the first SSL light source)
such that the electrical output power is supplied to the
first SSL light source (only) within the sequence of iso-
lated time slots. As such, the first SSL light source may
be provided with electrical power in a pulsed manner (dur-
ing the time slots of the sequence of isolated time slots).
Due to the fact that the pulse frequency is sufficiently
high, the pulsed operation of the first SSL light source is
not visible to the human eye.
[0014] The controller may be configured to assign a
plurality of sequences of isolated time slots to the plurality
of SSL light sources, respectively. As such, the plurality
of SSL light sources may be operated in a pulsed manner
(as described above). The plurality of sequences of time
slots may be non-overlapping.
[0015] The driver circuit (notably the power converter)
may be configured to provide an overdrive drive current

to the first light source during the sequence of isolated
time slots assigned to the first light source. The overdrive
drive current typically exceeds a maximum drive current
which the first SSL light source is configured to withstand
during a continuous operation. As a result, the first SSL
light source may be operated in an overdrive mode within
the sequence of isolated time slots. By doing this, it may
be ensured that the first SSL light source (and the other
SSL light sources) emits an amount of illumination which
is close to the amount of illumination emitted when op-
erated in a continuous mode (even when operated in a
pulsed mode).
[0016] The controller may be configured to modify an
on-time interval within a first time slot of the sequence of
isolated time slots which is assigned to the first SSL light
source. The on-time interval may be defined such that
within the first time slot, the first light source switch is
closed only within the on-time interval. By doing this, a
dead time between the different SSL light sources may
be introduced. This may be beneficial for reducing losses
caused by switching of the plurality of light source switch-
es (because the light source switches may be switched
in a drive current free manner). Furthermore, the modi-
fication of the on-time interval may be used to control the
illumination level of the first SSL light source.
[0017] The time slots may have a temporal length
which is equal to or which exceeds a pre-determined min-
imum length. The pre-determined minimum length may
be sufficiently long to ensure that the respective SSL light
source emits light at a stable illumination level. In other
words, the pre-determined minimum length may ensure
convergence of the illumination of the respective SSL
light source.
[0018] As indicated above, the plurality of SSL light
sources may exhibit a respective plurality of on-voltages.
The power converter may be configured to provide the
electrical output power at different or variable or adjust-
able output voltages, in dependence of one or more set-
tings of the power converter (e.g. in dependence of the
commutation cycle rate of the power converter, and/or in
dependence of the duty cycle of the power converter).
As indicated above, the power converter may comprise
a converter switch which may be controlled using a pulse-
width modulated (PWM) control signals that controls the
duty cycle (that is, the ratio of the length of an ’on-state’
of the converter switch over the length of a complete com-
mutation cycle comprising an on-state phase and a suc-
ceeding off-state phase) of the converter switch.
[0019] The controller may be configured to adjust the
one or more settings of the power converter such that
the output voltage is at least at the on-voltage of the SSL
light source to which the electrical output power is sup-
plied. In other words, the controller may be configured to
adjust the one or more settings of the power converter
based on characteristics of the SSL light source to which
the electrical output power is supplied. The characteris-
tics may comprise the on-voltage of the SSL light source
and/or the degree of efficiency (ratio of the emitted illu-

3 4 



EP 2 804 444 A1

4

5

10

15

20

25

30

35

40

45

50

55

mination level and the consumed electrical power) of the
SSL light source. The characteristics may be different for
some or all of the plurality of SSL light sources. The dif-
ferent SSL light sources may exhibit different kinds of
(non-emitting) recombination processes and/or different
kinds of resistive losses. These different properties may
lead to different characteristics, e.g. different on-voltages
and/or different degrees of efficiency of the SSL light
sources. The controller may be configured to adjust the
one or more settings of the power converter such that
the different characteristics of the SSL light sources are
balanced, e.g. such that some or all of the plurality of
SSL light sources emit the same intensity of light.
[0020] The characteristics may be pre-determined and
may be provided to the controller in advance. Further-
more, the characteristics may be variable, e.g. due to
aging of the plurality of SSL light sources. The changing
characteristics may be determined e.g. in the context of
a calibration process and may be provided to the con-
troller. As such, the controller may be configured to adjust
the one or more settings of the power converter based
on changing characteristics of the SSL light source to
which the electrical output power is supplied.
[0021] The driver circuit may further comprise a bypass
switch arranged in parallel to the first SSL light source of
the plurality of SSL light sources. The controller may be
configured to close the bypass switch to bypass the first
SSL light source at a time instant, when the first light
source switch of the plurality of SSL light source switches
corresponding to the first SSL light source is open. By
doing this, an emission of light of the first SSL light source
at a time instant other than the assigned time slots may
be prevented. This may be beneficial for avoiding visible
flicker effects.
[0022] The driver circuit may further comprise a supply
voltage capacitor configured to supply a supply voltage
to the controller. Furthermore, the driver circuit may com-
prise a supply voltage switch configured to enable and/or
to disable a supply of the electrical output power to the
supply voltage capacitor. The controller may be config-
ured to control the supply voltage switch to enable the
supply of the electrical output power to the supply voltage
capacitor in a mutually exclusive manner with respect to
the plurality of SSL light sources. In particular, the con-
troller may be configured to assign a sequence of isolated
time slots (pulse intervals) to the supply voltage capaci-
tor, wherein the supply voltage capacitor may be re-
charged using the electrical output power of the joint pow-
er converter within the time slots which are assigned to
the supply voltage capacitor.
[0023] The driver circuit may further comprise an out-
put capacitor at the output of the power converter, where-
in the output capacitor is arranged in parallel to each of
the plurality of light sources, when the respective light
source switch from the plurality of light source switches
is closed. As such, a single output capacitor may be used
to reduce the ripple of the drive currents to the plurality
of SSL light sources. In particular, the driver circuit may

not comprise any light source specific capacitors ar-
ranged in parallel to only one of the plurality of SSL light
sources. This may be beneficial for reducing the cost and
size of the driver circuit.
[0024] The driver circuit may further comprise a plural-
ity of drive current measurement means configured to
provide a respective plurality of indications of the drive
current through the respective plurality of SSL light sourc-
es. The drive current measurement means may comprise
e.g. shunt resistors. The controller may be configured to
determine an on-time interval and/or a gate voltage (for
operating the light sources switches in a linear mode) of
the plurality of light source switches based on the plurality
of indications of the drive current.
[0025] According to a further aspect, a light bulb as-
sembly is described. The light bulb assembly comprises
an electrical connection module configured to electrically
connect to a mains power supply, thereby providing an
input voltage waveform. Furthermore, the light bulb as-
sembly comprises a driver circuit according to any of the
aspects outlined in the present document and configured
to convert the input voltage waveform into drive signals
for the plurality of solid state lighting (SSL) light sources.
In addition, the light bulb assembly comprises the plural-
ity of SSL light sources configured to provide light in ac-
cordance to the respective drive signals.
[0026] According to another aspect, a method for op-
erating a controller and/or a driver circuit as outlined in
the present document is described. The method may
comprise steps which correspond to the features of the
controller and/or driver circuit described in the present
document. In particular, the method may be directed at
providing electrical power to a plurality of solid state light-
ing (SSL) light sources. The method may comprise pro-
viding electrical output power at an output of a power
converter. Furthermore, the method may comprise ena-
bling a supply of the electrical output power to the plurality
of SSL light sources, respectively, in a mutually exclusive
manner.
[0027] According to a further aspect, a software pro-
gram is described. The software program may be adapt-
ed for execution on a processor and for performing the
method steps outlined in the present document when car-
ried out on the processor.
[0028] According to another aspect, a storage medium
is described. The storage medium may comprise a soft-
ware program adapted for execution on a processor and
for performing the method steps outlined in the present
document when carried out on the processor.
[0029] According to a further aspect, a computer pro-
gram product is described. The computer program may
comprise executable instructions for performing the
method steps outlined in the present document when ex-
ecuted on a computer.
[0030] It should be noted that the methods and sys-
tems including its preferred embodiments as outlined in
the present document may be used stand-alone or in
combination with the other methods and systems dis-
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closed in this document. In addition, the features outlined
in the context of a system are also applicable to a corre-
sponding method. Furthermore, all aspects of the meth-
ods and systems outlined in the present document may
be arbitrarily combined. In particular, the features of the
claims may be combined with one another in an arbitrary
manner.
[0031] In the present document, the term "couple" or
"coupled" refers to elements being in electrical commu-
nication with each other, whether directly connected e.g.,
via wires, or in some other manner.

Short description of the Figures

[0032] The invention is explained below in an exem-
plary manner with reference to the accompanying draw-
ings, wherein

Fig. 1 illustrates a block diagram of an example light
bulb assembly;
Fig. 2 shows a circuit diagram of an example driver
circuit for a solid state light source comprising a two-
stage power converter;
Fig. 3a illustrates an example switching sequence
for supplying power to a plurality of light sources and
to an IC power supply;
Fig. 3b illustrates an example drive current to one of
a plurality of light sources;
Figs. 4a and 4b show block diagrams of excerpts of
example driver circuits for an SSL device comprising
a plurality of light sources;
Figs. 5a and 5b show block diagrams of excerpts of
further example driver circuits for an SSL device
comprising a plurality of light sources;
Fig. 6 illustrates an example sequence of time slots
for driving a light source of the plurality of light sourc-
es; and
Fig. 7 shows a flow chart of an example method for
supplying power to a plurality of light sources.

Detailed Description

[0033] In the present document, a light bulb "assembly"
includes all of the components required to replace a tra-
ditional incandescent filament-based light bulb, notably
a light bulb for connection to the standard electricity sup-
ply. In British English (and in the present document), this
electricity supply is referred to as "mains" electricity,
whilst in US English, this supply is typically referred to
as power line. Other terms include AC power, line power,
domestic power and grid power. It is to be understood
that these terms are readily interchangeable, and carry
the same meaning.
[0034] Typically, in Europe electricity is supplied at
230-240 VAC, at 50Hz (mains frequency) and in North
America at 110-120 VAC at 60Hz (mains frequency). The
principles set out in the present document apply to any
suitable electricity supply, including the mains/power line

mentioned, and a DC power supply, and a rectified AC
power supply.
[0035] Fig. 1 is a schematic view of a light bulb assem-
bly. The assembly 1 comprises a bulb housing 2 and an
electrical connection module 4. The electrical connection
module 4 can be of a screw type or of a bayonet type, or
of any other suitable connection to a light bulb socket.
Typical examples for an electrical connection module 4
are the E11, E14 and E27 screw types of Europe and
the E12, E17 and E26 screw types of North America.
Furthermore, a light source 6 (also referred to as an illu-
minant) is provided within the housing 2. Examples for
such light sources 6 are a CFL tube or a solid state light
source 6, such as a light emitting diode (LED) or an or-
ganic light emitting diode (OLED) (the latter technology
is referred to as solid state lighting, SSL). The light source
6 may be provided by a single light emitting device, or
by a plurality of LEDs.
[0036] Driver circuit 8 is located within the bulb housing
2, and serves to convert supply electricity received
through the electrical connection module 4 into a control-
led drive current for the light source 6. In the case of a
solid state light source 6, the driver circuit 8 is configured
to provide a controlled direct drive current to the light
source 6.
[0037] The housing 2 provides a suitably robust enclo-
sure for the light source and drive components, and in-
cludes optical elements that may be required for provid-
ing the desired output light from the assembly. The hous-
ing 2 may also provide a heat-sink capability, since man-
agement of the temperature of the light source may be
important in maximising light output and light source life.
Accordingly, the housing is typically designed to enable
heat generated by the light source to be conducted away
from the light source, and out of the assembly as a whole.
[0038] Fig. 2 shows a circuit diagram of an example
driver circuit 300, 8 of a light bulb assembly 1. The driver
circuit 300 may be used to provide electrical power to a
load 309 (which may e.g. be a light emitting diode, LED,
or an LED array). The driver circuit 300 comprises an
electromagnetic interference (EMI) filter unit 301 and a
rectifier 302, in order to generate a rectified input voltage
229 from the main supply 330. Furthermore, the driver
circuit 300 comprises a controller 306 which is configured
to control a power converter of the driver circuit 300. The
controller 306 may be started using a start-up resistor
315. Furthermore, the controller may be coupled to a
supply voltage capacitor 310 configured to provide the
supply voltage Vcc to the controller 306 (which may be
implemented e.g. as an integrated circuit, IC). In the il-
lustrated example, the driver circuit 300 comprises a two-
stage power converter with the first stage being a Boost
converter 304 and the second stage being a flyback con-
verter 305. The flyback converter 305 comprises a trans-
former 307 having a primary coil 320 and a secondary
coil 321, and having an additional auxiliary coil for meas-
urement purposes. The auxiliary coil may be used to pro-
vide information to the controller 306 regarding the output
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voltage 231 (also referred to as the drive voltage) of the
driver circuit 300. Furthermore, the driver circuit 300 com-
prises an output capacitor (or storage capacitor) 308
which stores the electrical power to be provided to the
light source 309. The flyback converter 305 comprises a
diode 204 which is configured to prevent a reverse energy
flow from the output of the flyback converter 305 to the
input of the flyback converter 305 during an off-state of
the switch 202.
[0039] The first stage of the two-stage power converter
is configured to convert the rectified input voltage 229
into a bulk voltage Vbulk 230. The bulk voltage 230 cor-
responds to the input voltage of the second converter
stage 305. The bulk voltage 230 may be sensed using
input voltage sensing means 208, 209, thereby providing
the sensed voltage signal 234 to the controller 306. In
the illustrated example, the input voltage sensing means
208, 209 are implemented using a voltage divider com-
prising the resistors 208, 209. Furthermore, a sensed
current signal 233 is determined using current sensing
means 203, and is provided to the controller 306. The
sensed current signal 233 is indicative of the current
through the power switch 202 of the flyback converter
305. In the illustrated example, the current sensing
means are implemented using a shunt resistor 203 which
is arranged in series with the power switch 202.
[0040] The controller 306 may be configured to deter-
mine a gate control signal 232 for putting the switch 202
of the second converter stage 305 into an off-state once
the current Is through the switch 202 reaches a pre-de-
termined peak current Ip. For this purpose, the controller
306 may make use of the sensed current signal 233
and/or of the sensed voltage signal 234, thereby ensuring
that variations of the bulk voltage 230 can be compen-
sated and corresponding variations of the output voltage
231 may be reduced or avoided, thereby reducing or pre-
venting a flickering effect of the load (e.g. light source)
309.
[0041] As indicated above, light bulb assemblies 1 may
comprise a plurality of light sources 309, e.g. a plurality
of LED arrays emitting differently colored light. A possible
solution to providing electrical power to the plurality of
light sources 309 could be to provide a plurality of corre-
sponding driver circuits 300, 8 and/or power converters
305 for each of the plurality of light sources 309, respec-
tively. This, however, would significantly increase the
cost of the light bulb assembly 1.
[0042] In the present document, a concept is described
which allows the use of only a single power converter
305 (e.g. a buck converter) for a plurality of different light
sources 309 (e.g. for a set of 4 LED strings). It should be
noted that the single power converter 305 may comprise
a plurality of serial converter stages (as illustrated in Fig.
2). On the other hand, the driver circuit 300 may be con-
figured to provide electrical power only at a single output
port, and the electrical power at the single output port
may be distributed (sequentially) to the plurality of light
sources 309.

[0043] The different light sources 309 may be operated
with different drive voltages 231. For this purpose, the
single (joint) power converter 305 may be configured to
provide different drive voltages 231 at the output of the
power converter 305 at different time instants (or within
different time slots). As such, the power converter 305
may be configured to provide the different drive voltages
231 for the different light sources 309 sequentially at dif-
ferent time instants (or during different time slots). Hence,
it is proposed in the present document to make use of
time multiplexing for the provision of electrical power to
a plurality of different light sources 309.
[0044] The driver circuit 300 described in the present
document makes use of a plurality of switches for the
plurality of light sources 309, wherein the plurality of
switches is configured to control the provision of electrical
power to the respective one of the plurality of light sources
309. In particular, the plurality of switches may be closed
(in a mutually exclusive manner) within different time
slots, to provide electrical power to the different light
sources 309 within the different time slots. The plurality
of switches for the plurality of light sources 309 may be
used in such a way, that no reverse protection circuit is
required. Overall, the use of time multiplexing may be
used to reduce the cost and size of the light bulb assem-
bly, while providing unaltered performance. Furthermore,
a dimming functionality of the light bulb assembly 1 may
be provided in an efficient manner. Furthermore, the loss-
es of the driver circuit may be kept low, notably because
of not using analog current sources and or resistors.
[0045] Fig. 4a shows a block diagram of an (excerpt
of an) example driver circuit comprising a single power
converter 405 (e.g. a buck converter) for a plurality of
light sources 309, 419, 429, 439. The power converter
405 may correspond to the power converter 305 of the
driver circuit 300 of Fig. 2. In other words, a driver circuit
for a plurality of light sources 309, 419, 429, 439 may
comprise the same components as the driver circuit 300
of Fig. 2, wherein the power converter 305 is replaced
by the power converter 405 and wherein the output ca-
pacitor 308 and the light source 309 are replaced by the
other components illustrated in Fig. 4a (and/or in Figs.
4b, 5a or 5b).
[0046] The driver circuit may comprise a plurality of
light source switches 401, 411, 421, 431 (e.g. a plurality
of transistors such as metal oxide semiconductor field
effect transistors). A light source switch 401, 411, 421,
431 is configured to couple (when closed) and/or decou-
ple (when open) the respective light source 309, 419,
429, 439 to and/or from the single power converter 405,
i.e. to the single output of the power converter 405. As
such, the supply of power to the respective light source
may be provided and/or interrupted. Furthermore, the
driver circuit may comprise a plurality of output capacitors
308, 418, 428, 438 for the plurality of light sources 309,
419, 429, 439. An output capacitor 308, 418, 428, 438
may be used to smoothen the drive voltage and/or the
electrical power provided to the respective light source
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309, 419, 429, 439.
[0047] In addition, the driver circuit may comprise drive
current feedback means 402, 403, 404 configured to pro-
vide an indication of the drive current 406 provided to a
light source 309. The indication of the drive current 406
may be provided to an analog-to-digital converter (ADC)
for further processing. In particular, the indication of the
drive current 406 may be provided to the controller 306
of the driver circuit 300. The driver circuit may comprise
a plurality of drive current measurement means 402, 403,
404, 412, 413, 414, 422, 423, 424, 432, 433, 434 config-
ured to provide a plurality of indications of the drive cur-
rents 406, 416, 426, 436 through the plurality of light
sources 309, 416, 426, 436, respectively.
[0048] The controller 306 may be configured to control
the plurality of light source switches 401, 411, 421, 431
in order to control the supply of electrical power to the
respective plurality of light sources 309, 419, 429, 439.
For this purpose, the controller 306 may take into account
the plurality of indications of the drive currents 406, 416,
426, 436.
[0049] The power converter 405 may be operated as
a current source. The total electrical power provided by
the power converter 405 may be limited (e.g. to a total
of 20 Watt). The controller 306 may be configured to slit
up the total power provided by the power converter 405
to the individual power provided to each of the plurality
of different light sources (e.g. to the plurality of different
LED strings) 309, 419, 429, 439. The total power may be
slit up using the plurality of light source switches 401,
411, 421, 431. By closing a light source switch 401, power
is provided to the respective light source 309, and by
opening the light source switch 401, the supply of power
to the respective light source 309 is interrupted.
[0050] In particular, the plurality of light source switch-
es 401, 411, 421, 431 may be operated in a mutually
exclusive manner, such that at any time instant at most
only a single one of the plurality of light source switches
401, 411, 421, 431 is closed, while the others of the plu-
rality of light source switches 401, 411, 421, 431 are
open. This means that at any time instant electrical power
is provided at most only to a single one of the plurality of
light sources 309, 419, 429, 439. As such, the plurality
of light source switches 401, 411, 421, 431 may be op-
erated in a time multiplexed manner, thereby assigning
different time slots to the different light sources 309, 419,
429, 439.
[0051] The time multiplexing scheme (e.g. the length
of the time slots assigned to each light source 309, 419,
429, 439) may be used to control the characteristics of
the light emitted by the light bulb assembly 1. By way of
example, the light bulb assembly 1 may comprise 4 LED
arrays 309, 419, 429, 439 (for the colors Red, Green,
Blue and for white). The sequence of the light source
switches 401, 411, 421, 431 may be scrambled as re-
quired for the light to be emitted by the light bulb assembly
1. If only the white LED 309 is used, then the complete
power of the power converter 405 will be provided to the

LED array 309, otherwise the total power will be spit up
to the different LED arrays 309, 419, 429, 439 in accord-
ance to the time slots assigned to the respective LED
arrays 309, 419, 429, 439.
[0052] As indicated above, the output capacitors 308
parallel to respective light sources 309 may be used to
reduce the ripple of the current and/or voltage provided
to the respective light source 309. Alternatively or in ad-
dition, a joint output capacitor 308 may be used for the
different light sources 309, 419 (as illustrated in Fig. 4b).
By doing this, the size of the light source specific output
capacitors 408, 418 may be reduced (as shown in Fig.
4b). By way of example, the power converter switching
frequency may be in the range of 1 MHz, and the power
converter 405 may comprise an inductor of 22 mH. The
joint output capacitor 308 may have a capacitance of 50
nF, thereby yielding for a light source current 390 at 700
mA a ripple of about 10 % (as illustrated in Fig. 3b). The
joint output capacitor capacitor 308 may buffer the output
power of the inductor of the power converter 405 (as il-
lustrated in Fig. 4b). The light source specific output ca-
pacitors 408, 418 may have a capacitance of several nF,
and may be used for additional spike filtering. The light
source specific output capacitors 408, 418 may be op-
tional. As such, the light sources 309, 419 may not be
provided with significant storage elements. As a result,
the cost and the size of the light bulb assembly 1 may be
reduced.
[0053] It should be noted that SSL based light sources
309 (e.g. LEDs) typically have a high resistance for drive
voltages 231 which are below their active mode voltage
(i.e. below their on-voltage). As such, the voltage across
the light sources 309 may be modulated from zero to the
light sources active mode with low losses. This is bene-
ficial for the switching between the plurality of different
light sources 309, 419. In particular, this allows for keep-
ing the losses which are caused by the switching between
the different light sources 309, 419 relatively low.
[0054] As indicated above, the capacitor 408, 418 par-
allel to the LED’s 309, 319 may not be required. Further-
more, the drive current measurement means 402, 412
(for measuring the current through the respective light
sources 309, 419) may be optional. As indicated above,
the indications of the drive current 406, 416 may be ben-
eficial for controlling the light source switches 401, 411,
and for controlling the intensity of the light emitted by the
respective light sources 309, 419. Alternatively or in ad-
dition, the drive current through the light sources 309,
419 may be controlled based on the output current pro-
vided by the power converter 405 (which may be meas-
ured e.g. via current measurement means 2303 as illus-
trated in Fig. 2). The output current provided by the power
converter 405 may also be used to control the switching
times of the plurality of light source switches 401,411.
[0055] As indicated above, the power converter 405
may be a buck converter, with an input voltage 230 of
e.g. 50 V and an operation frequency of e.g. 1 MHz. The
buck converter 405 may act as a controlled current
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source for the plurality of different light sources 309, 419.
The input voltage 230 may be adjusted depending on the
output voltage 231 to be provided by the power converter
405. This output voltage 231 may correspond to an av-
erage of the on-voltages of the plurality of different light
sources 309, 419. The power converter (e.g. the buck
converter) 405 may operate in continuous conduction
mode or in boundary conduction mode, in order to reduce
the current ripple of the drive current.
[0056] The time interval for LED power splitting may
be about 40 ms, so that each light source 309, 419 is be
well settled and so that the overall switching time is neg-
ligible compared to the supply time. In other words, the
length of the time slots assigned to a particular light
source 309 may be sufficiently long in order to allow for
a stable emission of light from the particular light source
309. Furthermore, the length of the time slot may be se-
lected to be sufficiently long such that a ratio of the switch-
ing time interval (for switching from one light source to
another light source) and the length of the time slots is
at or below a pre-determined threshold (e.g. 10% or 5%
or less). This may be beneficial for keeping losses caused
by switching low.
[0057] The power converter 405 may be configured to
supply the plurality of different light sources 309, 419
during different time slots (within a sequence of time
slots). The time slots for the different light sources 309,
419 may be mutually exclusive, such that a maximum of
one light source 309, 419 is supplied with power during
each time slot.
[0058] The indications of the drive currents 406, 416
may be provided to ADCs (e.g. within the controller 306).
The indications 406, 416 are indicative of the actual in-
dividual light source’s current over time and may be used
to calculate the brightness of the light emitted by the re-
spective light sources 309, 419. By modifying the on-
times (in a similar manner to Pulse Width Modulation) of
the different light sources 309, 419, the lumen output of
the different light sources 309, 419 can be adjusted. Al-
ternatively or in addition, the lumen output of the different
light sources 309, 419 can be adjusted by the light source
specific drive current provided to the different light sourc-
es 309, 419 by the power converter 405. The light source
specific drive currents may be provided by adjusting the
settings of the power converter 405 in dependence of the
light source 309, 419 which is to be supplied with power.
In other words, the settings of the power converter 405
may be adjusted on a time slot per time slot basis to the
plurality of different light sources 309, 419.
[0059] In particular, the drive voltage 231 which is pro-
vided by the joint power converter 405 may be adjusted
to the on-voltage of the light source 309, 419 which is to
be supplied with power. Furthermore, the drive current
which is provided by the joint power converter 405 may
be adjusted to the current to be supplied to the currently
active light source 309, 419. The drive voltage 231 and/or
the drive current may be adjusted by adjusting the set-
tings (e.g. the commutation cycle and/or the duty cycle)

of the power converter 405.
[0060] As indicated above, the power converter (e.g.
the buck converter) 405 may be acting as (or close to) a
constant current source within each time slot. Conse-
quently, the light sources 309, 419 typically do not require
significant buffer capacitors 408, 418.
[0061] Fig. 3a shows an example time slot diagram
380 which illustrates the "open" and "closed" states of
the plurality of light source switches 401, 411. In the il-
lustrated example, the plurality of light sources comprises
light sources for the different colors Red, Green, Blue
and White. The time slot 371 is assigned to the light
source 439 which emits light of the color Blue, the time
slot 372 is assigned to the light source 309 which emits
light of the color White, the time slot 374 is assigned to
the light source 419 which emits light of the color Red
and the time slot 375 is assigned to the light source 429
which emits light of the color Green.
[0062] Furthermore, it can be seen that the respective
light source switches 401, 411, 421, 431 may have on-
time intervals 381, 382, 384, 385 which are shorter than
the length of the respective time slots 371, 372, 374, 375.
It can be seen that during the on-time interval 381 the
light source which emits light of the color Blue is on, while
the other light sources are off. In the on-time interval 382
the light source which emits light of the color White is on,
while the other light sources are off. In the on-time interval
384 the light source which emits light of the color Red is
on, while the other light sources are off. In the on-time
interval 385 the light source which emits light of the color
Green is on, while the other light sources are off.
[0063] In between successive on-time intervals 381,
382 a dead time may be inserted, where none of the light
sources is on and/or where all of the plurality of light
source switches 401, 411 are off. In other words, between
the individual light source on-(supply) times 381, 382, a
gap (dead time) may be inserted. The dead times may
be beneficial to allow for a lossless switching between
the different light sources 309, 419. The light source on-
times 381, 382 may be modulated to increase or reduce
the dead time. In other words, the time slots 371, 372
which are assigned to the different light sources 309, 419
may be kept constant, however, the on-time intervals
381, 382 within the fixed time slots 371, 372 may be in-
creased and/or decreased, thereby decreasing and/or
increasing the dead time. Such modulation of the on-time
interval 381 of a first light source does not affect the on-
time interval 382 of the other light sources. Hence, such
modulation of the on-time intervals 381, 382 allows the
drive current to the first light source (and by consequence
the amount of emitted light) to be modified, without im-
pacting the other light sources.
[0064] The time slot diagram 380 also indicates a time
slot 373 which may be assigned to supplying the supply
voltage for the driver circuit 300 (e.g. to recharging the
supply voltage capacitor 310). In a similar manner, an
on-time interval 383 may be modified, in order to modify
the amount of electrical power provided to the supply
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voltage.
[0065] Fig. 5a shows a block diagram of an excerpt of
a driver circuit comprising a supply voltage switch 501
which is configured to couple the supply voltage capacitor
310 to the output of the power converter 405 in order to
recharge the supply voltage capacitor 310. As such, the
supply voltage can be provided (i.e. the supply voltage
capacitor 310 can be recharged) in an energy efficient
manner, using the joint power converter 405.
[0066] Fig. 5a also illustrates the use of grounding
switches 502, 512 (e.g. transistors such as MOSFETs)
configured to ground a corresponding light source 309,
419 at time instants when the light source 309, 419 is not
used. As such, the plurality of grounding switches 502,
512 may be switched in sync with the respective plurality
of light source switches 401, 411. The grounding of the
light sources 309, 419 may be used to prevent light emis-
sion from the light sources 309, 419 due to switching
transistor leakage currents (i.e. due to leakage currents
of the respective light source switches 401, 411). Alter-
natively or in addition, light emission of the light source
309 at time instants which do not fall into the assigned
time slots 381 may be prevented by using resistors with
relatively high resistance values in parallel to the light
source 309.
[0067] In Fig. 5a, the power converter (e.g. buck con-
verter) 405 comprises a half bridge comprising a high
side switch and a low side switch. As long as the power
converter 405 is deactivated, its half bridge is in a steady
state (e.g. at High voltage, at Low voltage or floating). If
e.g. the first light source switch 401 is switched on and
the power converter 405 starts to operate, a current will
flow in the selected first light source 309 only. The other
light sources 419 are not selected during this time.
[0068] The benefit of the above mentioned concept is
that two transistors in series are not required, because
the voltage at the LED will go to zero. On the other hand,
the concept may require the use of an isolated HV tran-
sistor (TSMC like). It should be noted that only switches
for the supply of the power (i.e. the light source switches
401, 411) may require a reverse protection, because the
voltage is buffered by a relatively large capacitor 308. As
such, the current is typically low.
[0069] Typically, transistors comprise a body diode in
parallel to drain source. The transistors only operate cor-
rectly, if the body diode is not activated. Otherwise, the
body diode may block operation. Due to this, the source
of a transistor should face the relatively lower voltage
compared to the drain of the transistor (facing the rela-
tively higher voltage). In an inverse case, the body diode
of the transistor may be activated and a current may flow.
[0070] Fig. 5b shows a further example excerpt of a
driver circuit, where the light source switches 522, 532
are ground related. This means that the light source
switches 522, 532 are configured to couple the respective
light sources 309, 419 to ground.
[0071] The arrangement of Fig. 5b may be beneficial
compared to light sources switches 401, 411 which are

configured to couple the respective light sources 309,
419 to the output of the power converter 405, because a
gate voltage which is greater than the gate-source volt-
age (for closing the light source switches) may be pro-
vided more easily. Furthermore, the driver circuit of Fig.
5b may be beneficial, as it is not affected by an uninten-
tional activation of body diodes of the transistors 521,531.
[0072] Furthermore, the driver circuit of Fig. 5b com-
prises switches 521, 531 (or resistors) arranged in par-
allel to the respective light sources 309, 419. The switch-
es 521, 531 may be transistors e.g. MOSFETs. The
switches 521, 531 may be used to avoid capacitive cur-
rents through the light sources 309, 419 at time instants,
when the light sources 309, 419 are switched off.
[0073] As outlined above, each light source 309 of the
plurality of light sources 309, 419 is provided with elec-
trical power within mutually exclusive time slots 371. As
such, a light source 309 is provided with pulses of elec-
trical power within the time slots 371 assigned to the re-
spective light source 309. Fig. 6 illustrates a voltage /
time diagram 600 which illustrates a stream of pulses of
electrical power provided to the light source 309. The
other light sources of the plurality of light sources 309,
419 are provided with a similar stream of pulses, wherein
the streams of pulses for the different light sources 309,
419 are offset with respect to one another.
[0074] In particular, Fig. 6 shows a voltage / time dia-
gram 600 of a cycle of the mains voltage. It can be seen
that the AC mains voltage 601, 330 oscillates in a sinu-
soidal manner at the cycle rate of 50Hz. Furthermore,
the diagram 600 shows the rectified voltage 602, 229 at
the output of the rectifier 302. For illustrative purposes,
it is assumed that the first light source 309 of the plurality
of light sources 309, 419 requires an on-voltage Von of
150V. Thus, the drive voltage provided by the power con-
verter 495 should be at or above the on-voltage Von of
150V within the first time slots 371 assigned to the first
light source 309, in order to ensure that the first light
source 309 emits light. Furthermore, the voltage drop
across the corresponding first light source switch 401
should be taken into account. Typically, the output volt-
age provided by the power converter 405 (i.e. the drive
voltage) within the first time slot 371 is the sum of the on-
voltage Von of the first light source 309 and the voltage
drop across the first light source switch 401 (if the output
voltage is greater than the on-voltage Von of the first light
source 309). Furthermore, for ease of the following ex-
planation, but without being limited to the example val-
ues, it is assumed that the power converter 405 is a com-
bined step-up / step-down converter (e.g. a buck / boost
converter) providing a maximum step-up voltage ratio
(i.e. the output voltage of the power converter 405 may
be higher than the input voltage of the power converter
405 by up to the maximum step-up voltage ratio) and a
maximum step-down voltage ratio (i.e. the output voltage
of the power converter 405 may be lower than the input
voltage by up to the maximum step-down voltage ratio).
[0075] As outlined above, it is suggested in the present
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document to drive each light source of a plurality of light
sources 309, 419 in a pulsed mode, thereby allowing the
plurality of light sources 309, 419 to be provided with
electrical power using a joint power converter 405. Each
light source may be operated in the pulsed mode at a
frequency at or above the cut-off frequency for intensity
variations of the human eye (e.g. at or above 400Hz).
This is illustrated in Fig. 6 which shows a sequence of
pulse intervals 603 during which the power converter 405
provides electrical power to the first light source 309 of
the plurality of light sources 309, 419. The illustrated
pulse intervals 603 have a frequency of e.g. 500Hz (i.e.
a frequency above the cut-off frequency for intensity
variations of the human eye). Preferably, the pulse
frequency is a multiple of the cycle frequency (of the
mains supply). Furthermore, the pulse intervals 603 may
be synchronized with the mains cycle, such that for each
pulse interval 603 the rectified voltage 602 is at or above
a pre-determined voltage threshold VT (e.g. VT=50V in
the illustrated example). The pre-determined voltage
threshold VT typically depends on the power converter
405 (notably on the maximum step-up voltage ratio and
possibly the maximum step-down voltage ratio of the
power converter 405). The pre-determined voltage
threshold VT may be selected such that the power
converter 405 is able to generate at least the on-voltage
Von of the first light source 309 from the rectified voltage
602 during each of the pulse intervals 603 (plus a possible
minimum voltage drop Vsrc,min across the first light source
switch 401 arranged in series to the first light source 309).
In other words, the pulse intervals 603 should be placed
such that the rectified voltage 602 is at or above the pre-
determined voltage threshold VT within the pulse
intervals 603, wherein the pre-determined voltage
threshold VT corresponds to the on-voltage Von of the
first light source 309 (plus a possible minimum voltage
drop Vsrc,min across the first light source switch 401
arranged in series to the first light source 309) divided
by the maximum step-up voltage ratio of the power
converter 405.
[0076] As such, the pulse intervals 603 define time in-
tervals during which the power converter 405 converts
the rectified voltage 602 into a drive voltage and a drive
current for the first light source 309.
[0077] Fig. 6 also illustrates the voltage values 605 of
the rectified voltage 602 corresponding to the pulse in-
tervals 603, which are shown as "intervals" above the
pulse intervals 603. The voltage values 605 of the rectifier
voltage 602 within the pulse intervals 603 form voltage
pulses 605 of the rectified voltage 602. For voltage pulses
605 of the rectified voltage 602 which comprise voltage
values below the on-voltage Von of the first light source
309 (here Von=150V for example), the power converter
405 typically performs a step-up conversion, whereas for
voltage pulses 605 of the rectified voltage 602 which com-
prise voltage values above the on-voltage Von of the first
light source 309, the power converter 405 typically per-
forms a step-down conversion.

[0078] Hence, the controller 306 may be configured to
control the conversion ratios of the power converter 405
for the different pulse intervals 603. In particular, the driv-
er circuit 300 may make use of different conversion ratios
of the power converter 4050 for each pulse interval 603
within a rectified half-wave cycle of the mains voltage
601. Furthermore, the conversion ratios of the power con-
verter may vary within each of the pulse intervals 603.
The controller 306 may be configured to control the power
converter 405 accordingly.
[0079] It should be noted that the power converter 405
is typically configured to provide a drive voltage to the
first light source 309 which is arranged in series to the
first light source switch 401. The first light source switch
401 may be used to regulate the drive current to the first
light source 309. In a similar manner, the plurality of light
source switches 401, 411 may be configured to regulate
the respective drive currents to the respective plurality
of light sources 309, 419, e.g. by operating the light
source switches 401, 411 in their respective linear
modes. The plurality of light sources switches 401, 411
may be controlled by the controller 306.
[0080] By way of example, the drive voltage Vout may
be Vout=Von+Vsrc, wherein Vsrc is the voltage drop across
the first light source switch 401. As such, the drive voltage
Vout provided by the power converter 405 should typically
exceed the on-voltage Von of the light source 309 plus a
minimum voltage drop Vsrc,min required by the first light
source switch 401. In the above mentioned example, it
was assumed that the minimum voltage drop Vsrc,src is
zero. In case of a minimum voltage drop Vsrc,min greater
zero (e.g. Vsrc,min=10V), the voltage threshold VT should
correspond to the on-voltage Von of the first light source
309 plus the minimum voltage drop Vsrc,min across the
first light source switch 401, divided by the maximum
step-up voltage ratio of the power converter 405 (as al-
ready indicated above).
[0081] As a result of the pulsed operation of first light
source 309 (and of the others of the plurality of light sourc-
es 309, 419), the first light source 309 is turned on (and
off) at the frequency of the pulses 605, i.e. at the pulse
frequency fp. During every pulse, the first light source
309 emits light at the same energy / intensity.
[0082] However, due to the fact that the pulse frequen-
cy is at or above the cut-off frequency for intensity vari-
ations of the human eye, the human eye does not per-
ceive the intensity variations and instead perceives con-
stant light at an average intensity, wherein the average
intensity depends on the intensity of the light emitted by
the first light source 309 during a pulse interval 603, the
length of the pulse interval 603 and the time interval be-
tween two pulse intervals 603. The length of the pulse
interval 603 typically corresponds to the on-time interval
381 of the first light source 309. By way of example, the
average intensity may be given as the average of the
intensity of the light emitted by the first light source 309
during a complete pulse cycle (comprising the pulse in-
terval 603 and the time interval between two succeeding
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pulse intervals 603). If Lp is the intensity of the light emit-
ted by the first light source 309 during the pulse interval
603, if Tp is the length of the pulse interval 603, then the
average intensity La may be La=Lp*Tp*fp (wherein "*" is
the multiply operator). The term Tp*fp describes the on-
rate of the lighted emitted by the first light source 309.
[0083] As outlined above, the average intensity La is
typically reduced (compared to the full intensity Lp) due
to the intermittent or pulsed operation of the first light
source 309. In the above example, the average intensity
is reduced by Tp*fp (which is a factor 1/4 in the example
shown in Fig. 6). This may be disadvantageous in view
of the average light intensity which is produced by the
first light source 309. It should be noted, however, that
the first light source 309 (e.g. an SSL light source) can
typically be operated in a so called overdrive mode for
short periods of time. This means that for short periods
of time, the first light source 309 may be operated with
an increased drive current, thereby emitting an increased
intensity. The overdrive mode can typically not be applied
for an extended period of time, due to an increased ther-
mal energy created within the first light source 309 caus-
ing thermal damage. However, when operated in the
pulsed mode, as outlined above, the first light source 309
may be operated in the overdrive mode, thereby emitting
an increased intensity of light. The increased thermal en-
ergy may be dissipated during the time periods in be-
tween the pulse intervals 603, thereby enabling the op-
eration of the first light source 309 (and of the others of
the plurality of light source 309, 419) in an overdrive
mode. By consequence, it is possible to operate the first
light source 309 during the pulse intervals 603 in an over-
drive mode in which the first light source 309 emits an
increased overdrive intensity Lo. The overdrive intensity
Lo may be 1/ Tp*fp higher than the full intensity Lp of the
first light source 309, thereby compensating for the
pulsed operation of the first light source 309 and gener-
ating the same average light intensity as in case of a
continuous operation of the first light source 309 at full
intensity Lp (using a dedicated power converter). By way
of example, a high voltage LED array can handle an over-
drive drive current which exceeds the current for provid-
ing full intensity Lp by a factor of three.
[0084] Fig. 7 describes an example method 700 for
providing electrical power to a plurality of solid state light-
ing (SSL) light sources 309, 419. The method 700 com-
prises providing 701 electrical output power at an output
of the power converter 305, 405. Furthermore, the meth-
od 700 comprises enabling 702 a supply of the electrical
output power to the plurality of SSL light sources 309,
419, respectively, in a mutually exclusive manner.
[0085] In the present document, an efficient driver cir-
cuit for providing power to a plurality of light sources has
been described. The driver circuit makes use of a joint
power converter for the plurality of light sources. The joint
(single) power converter may be used to supply power
to all the light sources and to the supply voltage. The
driver circuit exhibits low losses and constitutes a non

linear current source for the different light source cur-
rents. Furthermore, low capacitor values may be used
for the individual light sources, thereby reducing the cost
and size of the driver circuit. For each light source, only
a single power switch may be used. The different light
sources may be turned on at a rate which is at 1 KHz or
greater, thereby ensuring that the PWM of the light sourc-
es is not visible to the human eye. The time slots for the
different light sources may be adjusted for adjusting the
amount of light emitted by the different light sources.
Even though the operation of the light sources is inter-
mittent, the light sources (e.g. the LED arrays) may be
used close to 100 %, e.g. by using the delta sigma con-
cept for driving the light sources. The operation of the
joint power converter may be adjusted to different drive
voltages and/or drive currents (depending on the char-
acteristics of the different light sources). Furthermore,
the sequence 380 of time slots may be optimized for
charging / discharging of the light source specific capac-
itors.
[0086] The driver circuit described in the present doc-
ument allows for a flexible provision of electrical energy
to different parallel LED strings (or arrays) using a single
power converter. The intensity of the emitted light of an
LED string may be controlled over time (by varying a
length of the time slots) and/or current (by varying the
current through the LED string). The current through the
LED string may be controlled by operating the power con-
verter as a controlled current source (e.g. by adapting
the commutation cycle rate and/or the duty cycle of the
power converter). The number of time slots which are
assigned to an LED string may be modified (e.g. multiple
time slots with the same current or different current may
be assigned to a particular LED string). Alternatively or
in addition, a particular LED string may be stimulated with
two or more current time slots over time, with a flexible
timing of the time slots (Delta Sigma concept).
[0087] The sequence of time slots and/or the current
during the time slots may be selected to reduce acoustical
noise. By way of example, the current within a time slot
may be ramped up and/or down, in order to reduce the
acoustical noise of the power converter.
[0088] As indicated above, one or more time slots may
be used for charging one or more power supplies. Differ-
ent output voltages may be generated by the power con-
verter to charge different power supplies (e.g. 3 V logic
and/or 12 V FET driver). This allows to further increase
the efficiency of the system.
[0089] It should also be noted that the series (or se-
quence) of the LED time slots may be changed. By way
of example, the sequence of the time slots may be as-
signed such that the time slots are assigned to the cor-
responding LED strings in accordance to increasing on-
voltages of the LED strings. By doing this, the voltage at
the output capacitor of the power converter may be
smoothly increased. This may be beneficial in view of a
reduction of losses (power converter capacitor charging
/ discharging losses). The adaption of the sequence may

19 20 



EP 2 804 444 A1

12

5

10

15

20

25

30

35

40

45

50

55

be performed on the fly or in a self learning manner.
[0090] It should be noted that the description and draw-
ings merely illustrate the principles of the proposed meth-
ods and systems. Those skilled in the art will be able to
implement various arrangements that, although not ex-
plicitly described or shown herein, embody the principles
of the invention and are included within its spirit and
scope. Furthermore, all examples and embodiment out-
lined in the present document are principally intended
expressly to be only for explanatory purposes to help the
reader in understanding the principles of the proposed
methods and systems. Furthermore, all statements here-
in providing principles, aspects, and embodiments of the
invention, as well as specific examples thereof, are in-
tended to encompass equivalents thereof.

Claims

1. A driver circuit (300) for providing electrical power to
a plurality of solid state lighting, referred to as SSL,
light sources (309, 419), the driver circuit (300) com-
prising

- a power converter (305, 405) configured to pro-
vide electrical output power;
- a plurality of light source switches (401, 411,
522, 532) configured to enable and/or to disable
a supply of the electrical output power to the
plurality of SSL light sources (309, 419), respec-
tively; and
- a controller (306) configured to control the plu-
rality of light source switches (401, 411, 522,
532) to enable the supply of the electrical output
power to the plurality of SSL light sources (309,
419) in a mutually exclusive manner.

2. The driver circuit (300) of claim 1, wherein

- the plurality of SSL light sources (309, 419)
exhibit a respective plurality of on-voltages;
- the power converter (305, 405) is configured
to provide the electrical output power at variable
output voltages (231), in dependence of one or
more settings of the power converter (305, 405);
- the controller is configured to adjust the one or
more settings of the power converter (305, 405)
such that the output voltage (231) is at least at
the on-voltage of the SSL light source (309, 419)
to which the electrical output power is supplied.

3. The driver circuit (300) of any previous claim, where-
in the controller (306) is configured to

- turn on a first light source switch (401) from the
plurality of light source switches (401, 411, 522,
532) during a first time slot (371) assigned to a
corresponding first SSL light source (309) from

the plurality of SSL light source (309, 419);
wherein the respective others of the plurality of
light source switches (401, 411, 522, 532) are
off during the first time slot (371); and
- turn on a second light source switch (411) from
the plurality of light source switches (401, 411,
522, 532) during a second time slot (372) as-
signed to a corresponding second SSL light
source (419) from the plurality of SSL light sourc-
es (309, 419); wherein the respective others of
the plurality of light source switches (401, 411,
522, 532) are off during the second time slot
(372); wherein the first light source switch (401)
is different from the second light source switch
(411); wherein the first SSL light source (309) is
different from the second SSL light source (419);
and wherein the second time slot (372) is sub-
sequent to the first time slot (371).

4. The driver circuit (300) of any previous claim, where-
in the controller (306) is configured to

- assign a sequence of isolated time slots (371,
603) to a first SSL light source (309) of the plu-
rality of SSL light sources (309, 419); wherein
the isolated time slots (371, 603) of the se-
quence of isolated time slots (371, 603) are re-
peated at a pulse frequency; wherein the pulse
frequency is greater than a perceptual frequen-
cy of light intensity variations perceivable by a
human eye; and
- control a first light source switch (401, 522) of
the plurality of light source switches (401, 411,
522, 532) such that the electrical output power
is supplied to the first SSL light source (309)
within the sequence of isolated time slots (371,
603).

5. The driver circuit (300) of claim 4, wherein

- the controller (306) is configured to assign a
plurality of sequences of isolated time slots (371,
603) to the plurality of SSL light sources (309,
419), respectively; and
- the sequences of time slots (371, 603) are non-
overlapping.

6. The driver circuit (300) of any of claims 4 to 5, further
configured to provide an overdrive drive current to a
first SSL light source (309) within the sequence of
isolated time slots (371, 603), thereby operating the
first SSL light source (309) in an overdrive mode with-
in the sequence of isolated time slots (371, 603);
wherein the overdrive drive current exceeds a max-
imum drive current which the first SSL light source
(309) is configured to withstand during a continuous
operation.
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7. The driver circuit (300) of any of claims 4 to 6, wherein

- the controller (306) is configured to modify an
on-time interval (381) within a first time slot (371)
of the sequence of isolated time slots (371, 603)
assigned to the first SSL light source (309); and
- within the first time slot (371), the first SSL light
source switch (401) is closed only during the on-
time interval (381).

8. The driver circuit (300) of any previous claim, where-
in

- one or more of the plurality of light source
switches (522, 532) are configured to couple the
respective one or more SSL light sources of the
plurality of SSL light sources (309, 419) to
ground for enabling the supply of the electrical
output power to the respective one or more SSL
light sources; or
- one or more of the plurality of light source
switches (522, 532) are configured to couple the
respective one or more SSL light sources of the
plurality of SSL light sources (309, 419) to the
output of the power converter (405) for enabling
the supply of the electrical output power to the
respective one or more SSL light sources.

9. The driver circuit (300) of any previous claim, where-
in

- the driver circuit (300) further comprises a by-
pass switch (521) arranged in parallel to a first
SSL light source (309) of the plurality of SSL
light sources (309, 419); and
- the controller is configured to close the bypass
switch (521) to bypass the first SSL light source
(309) at a time instant, when a first light source
switch (401) of the plurality of SSL light source
switches (401, 411, 522, 532) corresponding to
the first SSL light source (309) is open.

10. The driver circuit (300) of any previous claim, where-
in

- the driver circuit (300) further comprises a sup-
ply voltage capacitor (310) configured to supply
a supply voltage to the controller (306);
- the driver circuit (300) further comprises a sup-
ply voltage switch (501) configured to enable
and/or to disable a supply of the electrical output
power to the supply voltage capacitor (310); and
- the controller (306) is configured to control the
supply voltage switch (501) to enable the supply
of the electrical output power to the supply volt-
age capacitor (310) in a mutually exclusive man-
ner with respect to the plurality of SSL light
sources (309, 419).

11. The driver circuit (300) of any previous claim, where-
in the driver circuit (300) further comprises an output
capacitor (309) at the output of the power converter
(305, 405) arranged in parallel to each of the plurality
of light sources (401, 411, 522, 532), when the re-
spective light source switch from the plurality of light
source switches (401, 411, 522, 532) is closed.

12. The driver circuit (300) of any previous claim, an SSL
light source (309) of the plurality of SSL light sources
(309, 419) comprises an array of light emitting di-
odes.

13. The driver circuit (300) of any previous claim, where-
in

- the driver circuit (300) further comprises a plu-
rality of drive current measurement means (402,
412) configured to provide a respective plurality
of indications (406, 412) of a drive current
through the respective plurality of SSL light
sources (309, 419); and
- the controller (306) is configured to determine
an on-time interval (381) and/or a gate voltage
of the plurality of light source switches (401, 411,
522, 532) based on the plurality of indications
(406, 412) of the drive current.

14. A light bulb assembly (1) comprising

- an electrical connection module (4) configured
to electrically connect to a mains power supply,
thereby providing an input voltage waveform;
- a driver circuit (300) of any of claims 1 to 13,
configured to convert the input voltage wave-
form into drive signals for a plurality of solid state
lighting, referred to as SSL, light sources (309,
419); and
- the plurality of SSL light sources (309, 419)
configured to provide light in accordance to the
respective drive signals.

15. A method (700) for providing electrical power to a
plurality of solid state lighting, referred to as SSL,
light sources (309, 419), the method (700) compris-
ing

- providing (701) electrical output power at an
output of a power converter (305, 405); and
- enabling (702) a supply of the electrical output
power to the plurality of SSL light sources (309,
419), respectively, in a mutually exclusive man-
ner.
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